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THE RELATION OF THE FAT CONTENT OF MILK TO THE 
PASSAGE OF THE MILK CURD FROM THE 
STOMACH OF THE CALF* 

D. L. ESPE anp C. Y. CANNON 
Iowa State College, Ames, Iowa 


When the calf has reached the age of three weeks or more, it is the 
practice of most dairymen to replace the whole milk with skim milk, sup- 
plemented by grain and hay. The removal of the fat from the milk nar- 
rows the nutritive ratio of the milk from 1:3.9 to 1:1.5. The addition of 
grain and roughage tends to widen this ratio again. Though the calf’s 
stomach is especially designed to handle large amounts of fiber, there is 
still some question as to the age at which it is most practical to begin 
replacing a fiber-free energy food, like fat, with large amounts of grain 
and roughage. 

In addition to the physiological effect of bulk the omission of fat may 
be of importance in other ways not generally recognized. For instance, 
the calf is very susceptible to bowel disturbances during the first few 
weeks of its life. Favorite remedies at this time have been to dilute the 
milk with lime water, add barley water, or, boil the milk. All of these 
modifications of milk are designed to make it more digestible in the sense 
that a more friable, more easily liquefied curd is formed in, the stomach. 
Other nutritive changes may of course accompany these modifications. On 
the other hand it is generally recognized (3), (4), (7), that fat tends to 
inhibit the rate of evacuation of the stomach. Alley, MacKenzie and Web- 
ster (1) are of the opinion that fat diminishes the peptic power of the 
gastric juice. The question immediately arises, does the amount of fat 
commonly found in milk play a favorable or unfavorable part during these 
periods of indisposition? Is it desirable or undesirable to speed up the rate 
of evacuation of the stomach at this time and what part does the fat in 
whole milk play in controlling the stomach processes? 

The nutritive value of the fat is unquestioned. Not only does fat serve 
as a source of energy and as a carrier of the fat soluble vitamins but pos- 


. sibly as the source of certain fatty acids essential to life. However, the 
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economy of whole milk as a food source makes a knowledge of the body 
reserves of these elements important. 


EXPERIMENTAL 


Two trials in consecutive years were run in obtaining the data to be 
reported. In both trials, calves with rumen fistulas were used. The fistulas 
were usually made when the calves were about two weks old. The test meal 
was placed in a liter bottle and allowed to flow directly into the abomasum 
through a one-quarter inch rubber tube. By running the tube through the 
fistula directly into the stomach the effects of dilution by saliva or fluid in 
the rumen was avoided. No grain or hay was fed while the trials were in 
progress. At varied intervals, however, the muzzles were removed and the 
calves allowed to eat ad libitum. Before a trial was started the rumen and 
reticulum were washed out. Sufficient time was then allowed to elapse until 
no food could be found in the omasum or abomasum. A mineral mixture of 
salt, steamed bone meal, iron oxide, copper sulfate and potassium iodide was 
fed, supplemented by cod liver oil. 

The time required for liquefaction and evacuation of the stomach was 
determined by palpating the curd mass through the walls of the rumen and 
abomasum. In calves, the abdomen lies almost directly beneath the rumen 
when the latter is empty. As the walls of both stomachs are relatively soft 
and elastic, any object the size of a pea or larger can be readily located in 
the abomasum by palpating the floor of the rumen. In fact the authors feel 
that the exact time at which all food leaves the stomach can be more readily 
determined in this way than by either Réentgen ray photographs or by 
acidity curves. The use of acidity curves to supplement the palpation 
method would of course, be desirable. However, no method probably dis- 
turbs the normal physiological processes less than palpation if the effect of 
barium sulfate in the meal is considered in the taking of Réentgen ray 
photographs. In fact, after some experience the hand can be inserted into 
the rumen without the calf being scarcely more than conscious of the act. 

For the first few trials the abomasum was palpated every hour after 
feeding. Near the end of the trial the stomach was palpated every fifteen 
to twenty minutes to determine the exact end point. When the first few 
trials were completed and the length of the digestive period for the respee- 
tive calves determined, then only the palpations at the end of the period 
were required. 

Digestion was considered sufficiently complete when only small amounts 
of eurd (5 to 10 grams) could be located by palpating the abomasum. As 
soon as this stage was reached the fingers were inserted into the abomasum 
and the remaining curd removed and weighed. These curds served as a 
check on the end point of digestion. 

In the first series of trials (5) the milk from two Holstein cows was 
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mixed and used. All milk was separated, standardized to the desired fat 
content and then viscolized to prevent the fat from separating out. The 
skim milk was also viscolized. The skim milk trials were conducted first, 
followed by those with three and six per cent milk respectively. 

In the second series of trials an attempt was made to avoid any effect 
of advancing age by alternating the skim milk trials with those comparing 
three per cent and six per cent milk. The average time for the evacuation 
of the stomach with each type of test meal was then computed for each 
calf. The calves were not fed for 24 hours previous to being given the test 
meal. Eight hours before the test meal was given the abomasum was ex- 
amined for any food present and all curds removed manually. Never more 
than two trials were carried out in any one week in order that the calves 
might regain any lost weight as a result of the previous trial. The milk 
used throughout the second series of trials came from different cows from 
those used in the first series but the same milk was used in each trial. How- 
ever, the curd tension of this milk was very similar to that used the previous 
year. In these latter trials whole milk was used instead of milk standard- 
ized to three per cent fat. The milk actually tested about 2.8 per cent. 
The milk standardized for the high fat trials actually tested 5.8 per cent. 

Two other slight differences between the two series should be mentioned. 
In the first series, no attempt was made to control the rate of flow of the 
milk into the stomach nor was the temperature of the milk closely controlled 
except to be sure that it was warm. In the second series of trials the rate 
of flow of the milk was adjusted so that approximately two minutes were 
required for the test meal, one liter, to flow into the stomach. This was 
done in an attempt to simulate conditions occurring when the calf sucks 
the cow. The temperature of the milk was also closely controlled between 
35° and 37° C. 


RESULTS 


From table 1 it will be seen that in each case one liter of skim milk re- 
quired longer to leave the stomach than one liter of milk containing three 
per cent fat. Also, one liter of three per cent milk required longer to leave 
the stomach than the same amount of milk containing six per cent fat. The 
difference in time between the trials with skim milk and those with milk 
containing three per cent fat is greater, however, than between the trials 
with milk containing three and six per cent fat. 

In table 2 the same general trend is observed though the results are less 
uniform. No figures are given for the amount of curd removed as an arbi- 
trary value was chosen by which the time for complete evacuation of the 
stomach was calculated. Curds weighing five grams or less were assumed 
to ‘‘digest’’ at the rate of five grams per hour. Curds weighing six to ten 
grams were assumed to ‘‘digest’’ at the rate of six grams per hour. No dif- 
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TABLE 2 
The relation of the fat content of the milk to the passage of the milk curd from the 
stomach of the calf 


Series 2 


NO. OF | KIND OF TREAT- | OTAL TIME FOR LIQUEFACTION 
CALP NO. TRIALS MENT OF CURD IN STOMACH 
47-R 9 Skim milk 16 hrs, 20 min. 
14 3 per cent milk 
4 6 per cent milk 
47-X 7 Skim milk 16 hrs, 26 min. 
9 3 per cent milk 
4 6 per cent milk 
47-A-3 4 Skim milk 19 hrs. 13 min, 
5 3 per cent milk 
6 6 per cent milk 
47-A-4 6 Skim milk 17 hrs. 41 min. 
6 3 per cent milk | 35 
5 6 per cent milk 
Total 
Number 
Trials 
Average 26 Skim milk 17 hrs. 25 min, 
of 4 34 3 per cent milk 
calves 19 6 per cent milk 


ference was made between curds from skim milk, milk containing three or 
six per cent fat. 


DISCUSSION 


In this study no measure was made of the stage of proteolysis reached by 
the milk curd but simply determinations of the rates at which the protein 
curds were liquefied and left the stomach. Several physiological disturb- 
ances, however, may have influenced liquefaction. Even the same stomach 
rarely digested aliquot samples of milk in the same length of time, while the 
variation in digestion time between the different calves was even greater. 

Though there is some indication that the curd formed from skim milk 
leaves the stomach more slowly than when either three or six per cent fat 
has been added, the difference is not highly significant due to the marked 
variation in evacuation time between trials with the same kind of milk. 
Changes in barn temperature, appetite and the changing state of health of 
the animals made it impossible to reduce these daily fluctuations to the point 
desired. In fact, the length of the digestive period was a good index to the 
veneral physical condition of the calves. 

No definite explanation can be given to show why the calves in one series 
always ‘‘digested’’ the test meals more rapidly than those of the other series. 
The viscolization of the milk may have been responsible for the difference. 
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Quigley, Zettleman and Ivy (6) state that the inhibitory action of fats on 
gastrie secretion and gastric motility is due to a humoral effect set up by 
the fats while in contact with the mucosa of the small intestine. Alley, 
MacKenzie and Webster (1) are of the same opinion except that they lay 
more stress upon the nervous phase of gastric secretion. Apparently the 
calf does not have such a mechanism or else the pereentage of fat in the 
milk is not sufficient to give a pronounced inhibitory effect. The last ex- 
planation would seem much more logical. In fact, Boggess, Bessie and Ivy 
(3) found that limited amounts of fat did not inhibit the passage of food 
from the stomach. Bergeim and coworkers (2) found that skim milk re- 
quired longer to liquefy and escape from the stomach than did milk with 
four per cent fat. In our own experiments the curd which was formed 
from skim milk became semi-opalescent in color and tenacious, almost like 
rubber, in texture while the curd from milk containing six per cent fat was 
very friable, like cottage cheese in consistency. The curd from milk con- 
taining three to six per cent of fat produces a much softer curd in the stom- 
ach of the calf than fat-free milk while this amount of fat is sufficiently low 
to not inhibit the normal functioning of the stomach. It would appear, 
therefore, that the action of the fat is not antagonistic to the commonly 
accepted methods of making the milk more digestible, such as diluting with 
lime water or barley water, or boiling. Though the abomasum of the ealf 
being fed milk is rarely if ever empty, the normal amount of fat present in 
the milk will tend to produce a softer more friable curd which usually leaves 
the stomach more quickly than eurd formed from skim milk. 


SUMMARY 


Although whole milk has always been considered preferable for calf 
feeding to separator skimmed milk from a growth promoting standpoint, 
the cost of feeding whole milk makes it desirable to change to skim milk 
feeding at the earliest possible age. In this paper the physiological effect 
of the fat on the rate of evacuation of the stomach is discussed. Curd from 
milk containing up to six per cent fat tends to leave the stomach more rap- 
idly than skimmed mild due to the difference in texture of the curd formed. 
Milk containing this amount of fat does not apparently inhibit gastric secre- 
tion or gastric motility. Fat, in addition to being a valuable source of food, 
would appear to aid digestion when incorporated in the milk in limited 
amounts. 
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THE MECHANICAL CONTROL OF THE FAT CONTENT 
OF SWISS CHEESE 
WALTER V. PRICE anp GERALD C. NORTH 
Department of Dairy Industry, College of Agriculture, Madison, Wis. 


The eye formation in Swiss cheese is one of the most important factors in 
determining its market grade. Inspectors commonly establish this grade by 
simply drawing and examining two or three plugs from a wheel of Swiss 
without either smelling or tasting the samples. Dealers justify this pro- 
cedure by stating that the trade is chiefly interested in the eye formation 
and slicing properties and that other characteristies are of so little signifi- 
cance that they may be practically neglected in all except unusual cireum- 
stances. Connoisseurs of cheese, who are aware of this condition, believe 
that subordination of flavor and body to eye formation and slicing proper- 
ties will eventually injure the sale of Swiss cheese. 

Within a radius of 50 miles from Monroe, Wisconsin, are located nearly 
200 Swiss cheese factories. During the season of greatest production in 
1933, a study was made in this area to determine, under factory conditions, 
the relation of the mechanical control of the fat content of the cheese to 
the composition and commercial quality of the finished product. 

The ideal formation of eyes in Swiss cheese depends upon the inter- 
related effects of biological and mechanical control of the curdmaking and 
ripening processes. Biological control is attained by using cultures of 
desirable organisms (1, 2, 3, 4) and directing their activities by regulating 
those factors which influence their life processes. Mechanical control is 
established by clarification and removal of fat from the milk (6) and by 
those manipulations in the curdmaking and ripening operations which 
assist in determining the composition of the finished product. The relation 
of these two general methods of controlling formation of eyes in Swiss 
cheese is such that, in factory practice, it may be impossible to state whether 
these manipulations are essential because they influence most the biological 
changes, the physical properties or the chemical composition of the cheese. 


METHODS 


Selection of factories —Twenty factories were selected for intensive 
study. They ranged in size from one to ten kettles and were located in the 
area approximately according to the intensity of production. Only those 
factories were selected in which the cheesemakers were recognized leaders 
in their art. 

Published with the permission of the Director of the Wisconsin Agricultural Experi- 


ment Station. 
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Samples.—Each of these factories was visited at intervals of approxi- 
mately one month. The visits began on June 20th and ended October 31st, 
1933. Samples of milk, whey, curd, and cheese were taken at certain points 
in the making process that are designated in table 2. 

Methods of analysis——The Babeock test was used for determining the 
fat content of the various samples. Casein was measured by the Walker 
Formol Titration. Dry matter was found by drying the samples of curd 
and cheese at 100° C. until a constant weight was attained. 

Methods of grading.—The grades of cheese were determined at approxi- 
mately 9 weeks of age by representatives of the dealers who purchased 
them. Makers were always present when the buyer examined the cheese 
and could protest any unfair grade. Such disagreements arose very infre- 
quently. There was no supervision of grading by any State official during 
the period of the study. The characteristics of the four market grades, 
which were recognized by the dealers, are classified in table 1. Grade I 
designates the best quality while a grade of IV indicates the most unde- 
sirable cheese and is commonly ealled a ‘‘grinder.’’ 


TABLE 1 
Description of the market grades of cheese made between 
June 20, 1933, and October 31, 1933 


GRADE I II 


Iv 


: Well Developed | Well Developed : 
nye 1 to 5 per trier About 5 per trier we and 
NoGlassnor | No Glass nor Glass Pinhol 
Pinholes Pinholes No Pinholes 
Fails to Meet 
Boa Firm and Fairly Firm Fairly Firm | Requirements 
y Meaty and Meaty and Meaty | for other 
Grades 
Clean, Desirable, Clean, May Lack | 
Flavor ........ Characteristic May Lack Flavor, Not | — 
of Age Flavor Objectionable | other 
Grades 
| Clean, 
Clean, 
Well-shaped, | Well-Shaped, Well-shaped, Sound Rind 
Finish .......... Clean, Sound Clean, Sound Rind, 
Rind | Sound Rind Slightly 
Damaged a8 
Uniform | Uniform Uniform Uniform 
$$ $$ — — — = — 
RESULTS 


A total of 189 wheels of Swiss were made under the observation of the 
laboratory representatives. Occasionally a cheese was sold before it could 
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be analyzed ; this resulted in a final total of 176 wheels graded and analyzed. 
The summary of the analyses of the various samples is presented in table 2. 
Each sample represents the contents of a single kettle of milk, weighing ap- 
proximately 2700 pounds, or its equivalent in whey, curd, or cheese. 


TABLE 2 
Statistical swmmary of analyses from twenty Swiss cheese factories in 
southern Wisconsin 


WHOLE MILK 

Per cent fat 189 | 3.19 +0.010 | Sampled as the milk 

Per cent casein : 189 | 23 + 0.006 * left the receiving 

Ratio,—Casein = fat 189 | 0.72 + 0.002 vat to be clarified 
STANDARDIZED MILK 

Per cent fat 189 2.8 20.009 | Sampled in the cheese 

Per cent casein 18” | 2.3 + 0.006 kettle just before 

Ratio,—Casein = fat 187 | 0.815 + 0.003 adding rennet 
WHEY | a led in et 

Per cent fat... iss «0.90 + 0.008 | Sampled in cheese 

kettle at dipping 

CuRD 

Per cent dry matter 185 | 56.9 + 0.08 

Per cent fat in dry matter 185 43.8 + 0.10 
CHEESE 

Per cent fat | 176 | 27.4 + 0.06 sity 

Per cent dry matter 177 604 40.05 | of 

Per cent fat in dry matter 176 | 45.1 £0.09 | grading 


* Each sample represents 2500 to 3000 pounds of mixed milk or its equivalent in 
whey, curd or cheese. 


Composition of the whole milk delivered to the Swiss cheese factories 


Fat.—Farmers in the Swiss producing area of Southern Wisconsin have 
never universally accepted the fat content of milk as a basis of payment. 
Returns are calculated commonly on the weight of milk delivered to the 
factory by the patrons. Breeding for production, rather than fat content, 
is undoubtedly responsible for the fact that the average fat content of the 
mixed milk delivered to many Swiss factories is actually less than 3 per 
cent during part of the year. Table 2 indicates an average fat content in 
the milk of 3.19 per cent. Figure 1 shows tlie distribution of the samples 
according to fat content. 

Casein.—The average casein content of 2.3 per cent is slightly higher 
than might be expected with milk of this average amount of fat. The limit ~ 
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PERCENT OF_ PERCENT OF 
SAMPLES] MILK SAMPLES, MILK 
30 30 = 
20 = 20 | 
/0 
0 


27 29 33 35 37 ° 23 25 27 
PERCENT FAT . PERCENT CASEIN 


PERCENT 
SAMPLES! WHOLE MILK 
30 


20 


.64 68:72 76 80.84 


CASEIN- FAT RATIO 
Fig. 1. Distribution of samples of whole milk classified according to the percentage 
of fat, percentage of casein and the ratio of casein to fat a) . 


of accuracy of the Walker test for casein, however, does not make this 
difference of any significance. 

Ratio of casein to fat—The ratio of casein to fat is caleulated by divid- 
ing the percentage of casein by the percentage of fat in milk. Table 2 shows 
an average ratio of 0.72 for the milk delivered by the farmers. The highest 
value of this ratio observed was 0.89 per cent. It is astonishing but serves 
to emphasize the nature of the milk which is being used. Figure 1 illus- 
trates the variability of the casein-fat ratio. 


Composition of the standardized milk used in making Swiss cheese 


It is known (5, 6) that the ratio of casein to fat in milk used for Swiss 
cheese has an influence on the formation of eyes. A high ratio produces 
better eye-forming properties in the curd. The adjustment of this ratio is 
called ‘‘standardization’’ and it is always accomplished by the removal of 
cream from the milk. The legal requirement of 45 per cent of fat in the dry 

matter of the cheese places a limit upon the extent of this adjustment. 
, The common factory practices for processing and standardizing the 
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milk in preparation for cheesemaking should be mentioned. The whole 
milk, as soon as it is delivered by the farmers, runs or is pumped to the 
separator or clarifier. Clarifiers are not used ordinarily, although one was 
found in a factory included in this study. The usual separator in the Swiss 
factory does triple duty: it clarifies the milk, removes a portion of the fat 
at the same time, and later in the day is used to separate the fat from the 
whey. The separator serves as a clarifier by simply turning both cream and 
skimmilk spouts into a conductor trough which carries the mixture of 
milk and cream to the cheese kettle. The cream is diverted from the kettle 
long enough to establish the desired ratio of casein to fat in the kettle milk. 
The regulation of this removal of cream cannot be accurate, because it is 
commonly based neither on accurate tests of cream or milk for fat and 
casein, nor upon exact knowledge of the weight of the milk in the kettle, al- 
though sometimes the depth of skimmilk in the kettle may be measured 
before the whole milk is allowed to run into it. 

Figure 2 presents a graphical summary of the analyses of the samples 
of standardized milk for fat and casein, and shows the calculated casein-fat 
ratio. 


PERCENT OF __ PERCENT OF 
SAMPLES | STANDARDIZED MILK | SAMPLES| STANDARDIZED MILK 


30 30 
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PERCENT FAT PERCENT CASEIN 
PERCENT OF 
SAMPLES 


30 STANDARDIZED MILK 


20 


6) 
.66 70 76 82 86.90 94 98 102 
CASEIN-FAT RATIO 


Fig. 2. Distribution of samples of standardized milk according to the percentage 
casein ) 
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Fat.—There is a common belief among makers that a fat content of 2.8 
per cent in the kettle milk makes good cheese. This may explain why the 
average of the samples approximates this value in table 2. Actually, how- 
ever, the relative variability of the per cent fat in the standardized milk is 
practically the same as that of the fat in the whole milk. 

Casein.—There is no measurable difference in the average casein con- 
tent of the standardized milk and the whole milk, as is shown in table 2. 

Ratio of casein to fat—There is not a great deal of information avail- 
able to indicate the most desirable ratio of casein to fat to establish in order 
to make cheese of high quality and legal composition. There are so many 
variable factors involved in the making process that perhaps specific recom- 
mendations are not justified. Matheson (5) recommends a ratio of casein 
to fat of 0.72 when the fast loss in the whey equals 0.9 to 1.0 per cent, and 
a ratio of 0.80 when the fat loss is 0.6 to 0.7 per cent. Peter (6, page 120) 
indicates that in general the cheese will contain 45 per cent of fat in the 
dry matter if the proportions of casein to fat are kept within the range of 
0.73 to 0.75 depending upon the season of the year. He assumes that a nor- 
mal loss of fat in the whey is 0.5 per cent. 

In view of these recommendations it is interesting to observe in table 2 
that the average ratio of casein to fat in the standardized milk is 0.815. 

The data of this study indicate that the ratio of casein to fat in the 
‘standardized milk is related to the fat in the dry matter of the cheese by 
the correlation coefficient of —.38 + .04. Similar calculations show a cor- 
relation coefficient of .20 + .05 between the fat content of the standardized 
milk and the fat in the dry matter of the finished product. Evidently the 
ratio of casein to fat in the kettle milk is more important in determining 
the fat in the cheese than the actual fat content of this milk. The fat in 
the milk would be more definitely related to the fat in the cheese were it not 
for the fat losses which take place in the whey. 


Loss of fat in the whey at the time of dipping 


The average loss of fat in the whey at the time the curd was removed 
from the kettle is 0.90 per cent. Despite the wide range of the observations, 
indicated by the maximum and minimum values in figure 3, there are only 
about 1/5 of the observations which differ from the average by more than 
0.2 per cent. 

Although the fat losses in the whey must be a major factor in determin- 
ing the fat content of the finished cheese, still, calculations indicate that the 
loss of fat in the whey is related to the fat content of the cheese and to the 
fat in the dry matter of the cheese by correlation coefficients of approxi- 
mately —.25 + .05. This does not mean that excessive losses of fat may not 
eause the production of cheese with low fat content. As a matter of fact, 
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only 8 of the 22 wheels of cheese made with fat losses in the whey exceeding 
1.0 per cent, contained the minimum fat required by law. 

The apparently insignificant effect of the fat losses in the whey upon 
the composition of the cheese may be explained by the fact that the fat losses 
in the whey increase as the fat content of the standardized milk increases. 
This relationship, which is expressed by the correlation coefficient of .58 + 
.03, is illustrated in figure 3. But, as the fat content of the standardized 
milk increases, the fat content of the finished cheese shows only a very 
slight tendency to increase. The correlation between these two variables is 


PERCENT FAT IN 
PERCENT OF STANDARDIZED MILK 
SAMPLES = WHEY 34 
3.2 
20 3.0 
nl 26 
S79 MIZIS 24 
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67.8 9 12 13 
AVERAGE PERCENT OF 
FAT WHEY 


Fig. 3. A. Distribution of samples of whey classified according to the percentage of fat. 
B. Classification of the samples to show the average percentage of fat in the 
whey associated with unit changes in the fat content of the standardized 

milk. 


only .21 + .05. Evidently, the escape of larger and larger amounts of fat 
in the whey, as the fat in the kettle milk increases, reduces the amount of 
fat available for the cheese to such an extent that the micher standardized 
milk actually fails to produce any marked increase in the fat content of 
the cheese. 

The tendency toward higher fat losses in the whey with increasing 
amounts of fat in the standardized milk is undoubtedly exaggerated by the 
so-called ‘‘clarification’’ of the milk with separators. The treatment is 
more severe than clarification in its effect on the physical condition of the 
fat in the milk. When milk is processed in a clarifier, the fat which gathers 
at the center of the bowl, is redispersed in the skimmilk as it leaves the cen- 
trifuge. Milk, which has been properly clarified, can be made into cheese 
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without increasing the whey fat losses that would occur if the milk had not 
been clarified. (7). It is commonly known, however, that cheese made 
from skimmilk or partly skimmed milk to which cream has been added, 
shows a greater whey fat loss than would oceur with whole milk of the same 
fat content. This loss increases as the proportion of cream in the mixture 
increases. It is not surprising, therefore, to discover fat losses in whey 
from Swiss cheese approximating 0.9 per cent, under the conditions of 
processing which have been described. The rapidity with which the ob- 
served losses of fat in the whey increase with increasing amounts of fat in 
the kettle milk is undoubtedly caused by partial separation followed by 
inadequate mechanical redispersion of the fat in the milk. 


Fat and dry matter in the curd at the time of dipping 


The samples of curd were taken from the kettle and were analyzed sev- 
eral hours later in the central laboratory. During this interval some whey 
drained from the curd. Since whey contains in solution approximately 6 
per cent of dry matter not fat in the form of milk sugar, milk salts, and 
whey-soluble proteins, the proportion of fat in the dry matter, as well as the 
actual percentage of fat and dry matter, were changed by this uncontrolled 
loss of whey from the curd. This condition, as well as those normal differ- 
ences in making procedures which exist in different factories, make it 
impractical from our data to attempt to predict the composition of the fin- 
ished cheese from the analyses of the curd at dipping. 

The average values of fat, dry matter, and percentage of fat in the dry 
matter of the curd, are summarized in table 2 merely to complete this 
record. 


Fat and dry matter in the cheese at the time of grading 


Fat.—The fat in the cheese averages 27.4 per cent. The variations in 
these observations are shown in figure 4. There is a general tendency for 
the fat in the cheese to increase as the ratio of casein to fat in the standard- 
ized milk decreases, as indicated by the correlation coefficient of —.35 + 
0.04. 

Dry matter—The dry matter in the cheese averages 60.4 per cent. 
Practically 85 per cent of all the samples of cheese contain within 1 per cent 
of this amount of dry matter, as illustrated in figure 4. 

The dry matter in the cheese depends upon those factors in the making 
process which affect the moisture content and the retention of fat in the 
eurd. During the curing period, the amount of salting, the humidity and 
temperature of the rooms, and the length of time of holding influence the 
dry matter in the ripened cheese. Correlations calculated between dry mat- 
ter in the cheese and such factors as milk composition and loss of fat in the 
whey were all insignificant. 
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Fig. 4. Distribution of samples of cheese classified according to the per cent fat, 
per cent dry matter and per cent fat in the dry matter. 


Fat in the dry matter of the cheese —The percentage of fat in the dry 
matter of the cheese is calculated by dividing the percentage of fat by the 
percentage of dry matter and multiplying the result by 100. This factor 
is especially significant because it is used to define the legal composition of 
cheese. Figure 4 illustrates the variations in this caleulated value for 176 
wheels of cheese. This cumulative frequency distribution of the samples 
according to the percentage of fat in the dry matter of the cheese, indicates 
the proportion of the total number of samples which contain amounts of 
fat in the dry matter equal to or greater than any selected value shown on 
the horizontal axis. If, for example, 45 per cent is the chosen value, it is 
apparent that approximately 66 per cent of the samples contain at least 
this amount of fat. 

The average percentage of fat in the dry matter, as shown in table 2, is 
45.1. The standardization of the milk appears to be closely related to this 
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variable. As the ratio of casein to fat in the standardized milk decreases 
there is a fairly definite trend toward a higher percentage of fat in the 
dry matter of the cheese. This trend is expressed by the correlation co- 
efficient —.38 + .04 and is illustrated in figure 5, in which the ratios of 
easein to fat in the kettle milk have been averaged for each unit change in 
per cent of fat in the dry matter of the cheese. 
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Fig. 5. Classification of the samples to show the average percentage of milk fat 
casein 
fat 
ized milk that are associated with unit changes in the percentage of fat in the dry 

matter of the cheese. 


removed by standardizing and the average ratio of casein to fat ( ) in the standard- 


Another indication of the amount of fat removed by standardizing the 
milk has been calculated for each kettle by taking the difference between the 
fat tests of the whole milk and the standardized milk and dividing this dif- 
ference by the per cent of fat in the whole milk. The result, when multi- 
plied by 100, might be regarded as ‘‘The percentage of milk fat removed by 
standardizing.’’ Since the exact weights of the milk in the kettle and the 
cream removed from the kettle were not known, this calculation is obviously 
inaccurate. It may serve, however, to indicate the relative amount of skim- 
ming which took place in the factories and its effect on the composition of 
the finished cheese. This relationship, which is described by the coefficient 
of correlation —.46 + .04, is shown in figure 5 where the average ‘“‘per- 
centage of milk fat removed by standardizing’’ has been plotted for each 
unit change in the per cent of fat in the dry matter of the cheese. 

Figure 5 indicates the average values of the ratio of casein to fat in 
standardized milk and ‘‘pereent of fat removed,’’ which are associated with 
certain amounts of fat in the dry matter of the cheese. The application of 
these values to determine adjustments of milk composition at the beginning 
of the making process must be attempted with caution. These values are 
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averages for many plants and the observations upon which they are based 
were made over several months. They only indicate the trends of the 
effects and dangerous limits of adjustments of milk composition. It seems 
reasonable to believe that the variability of the data from all the plants 
is greater than that which should obtain for similar measurement in any 
single plant where manufacturing conditions are more uniform from day 
to day. Careful measurements repeated each day in any given factory, 
therefore, should make it possible to establish more definite relationships 
than those indicated in figure 5. 


The quality of the cheese 

The average of the grades of the lots of cheese produced during the 
study is 2.16. 

Coefficients of correlation calculated between the grade and such vari- 
ables as: fat in the milk delivered by the farmers, casein-fat ratio in stand- 
ardized milk, and fat loss in the whey, any of which might be expected to 
influence the grade of the cheese, were all reasonable in trend but insignifi- 
cant in value. As each factor tended to produce or to indicate a decrease 
in the percentage of fat in the dry matter of the cheese there was a slight 
tendency toward improvement in the quality of the cheese. The fat in 
the dry matter of the cheese is the only observed variable which seems to 
influence the grade. This relation is summarized in table 3 in which the 
average percentage of fat in the dry matter has been calculated for the 
cheese falling in each grade. As the grade moves from I to IV there is 

TABLE 3 


Relation between grade and percentage of fat in the dry matter of cheese 


AVERAGE PER CENT FAT IN DRY 


GRADE OF CHEESE NUMBER OF CHEESE MATTER OF CHEESE 

“eres | 68 44.5 
II 49 44.8 
III 23 45.1 
IV 36 | 46.7 

| 

Total 176 


ship is described by the coefficient of correlation .42 + .04. 


DISCUSSION 


The graders of Swiss cheese act essentially as the interpreters of trade 
demands because they are employed by those who market the cheese. The 
premium paid for the highest quality of Swiss cheese is attractive enough to 
determine the trends of factory practices. Since the best grades seem to be 
associated with less fat in the dry matter of the cheese it is natural to expect 
the makers to reduce the fat in the finished product to the minimum. 


a gradual increase in the average fat content of the cheese. This relation- 
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Although trade demands are rightfully interpreted by those who mer- 
chandise Swiss cheese, it is reasonable to question the influence on the 
dealers’ opinions of the demands of the large buyers who desire cheese with 
good slicing properties and large eye formation. A survey of the industry 
and public opinion would be necessary to determine whether ‘these charac- 
teristics are more important to the ultimate consumer than the mellowness 
of body and superior flavor which can be best attained by retaining a larger 
proportion of the milk fat in the cheese. 

There are other factors, outside the scope of this investigation, that in- 
fluence, directly or indirectly, the composition and quality of the cheese, 
such as: milk quality, the use of milk from diseased udders, and the culture 
methods of controlling fermentations in the cheese. It is not known how 
much improvement in market grades is possible by regulating these factors 
and maintaining at the same time a mechanical control of cheese composition 
which would incorporate maximum amounts of fat. Information obtained 
by the cooperative efforts of the United States Bureau of Dairy Industry 
and the University of Wisconsin during the past several years indicate that 
milk of better quality and application of improved methods of using the 
available cultures definitely raise the market quality of the cheese. 

It is evident, therefore, that any program of composition regulation, 
especially when such regulation must raise the fat content of the finished 
cheese, should also be accompanied by increased efforts to control the quality 
of the milk and the types of organisms in the cheese. 


CONCLUSIONS 

Mechanical control of the fat content of Swiss cheese depends upon 
accurate standardization. Simultaneous clarification and separation of 
milk, excessive losses of fat in the whey, and milk with abnormally low fat 
content makes such standardization a difficult procedure in some plants. 

The removal on the average of more than about 10 per cent of the total 
fat from the lots of milk observed in this study or the establishment of 
casein to fat ratios greater than approximately 0.81, tend to produce cheese 
with less than the legal amount of fat. Since unusual biological conditions 
in the milk or special methods of curdmaking may cause variations in cheese 
composition, it is essential that every plant operator analyze the milk, whey, 
and cheese from every kettle before accepting these average values as actual 
standards. 
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RUMINANT DIGESTION WITHOUT ROUGHAGE 


8. W. MEAD anp HAROLD GOSS 
Division of Animal Husbandry, University of California, Davis, California 


In a study of the value of roughage in the dairy ration, several heifers 
have been maintained at this station on a roughage-free diet from birth to 
over 18 months of age. A similar group was reared on the same mixture 
of concentrates plus approximately 14 per cent of sulphite wood paper pulp. 
During this work, digestion trials were conducted with heifers from each 
group. The results are here reported. 


PROCEDURE 


Three digestion trials were conducted, four heifers being used in each. 
The animals received the same feed mixtures that they had been receiving 
since two months of age except for the mixture used in trial 3. During this 
trial and for ten days before the collection period, they received mixture 3, 
which differed from mixture 1 only in being more finely ground. This trial 
was intended to determine the effect of fine grinding on digestibility : mix- 
ture 2 was more finely ground than mixture 1, because of the method of 
preparation necessary to incorporate the paper pulp. The heifers received 
daily a medicinal cod liver oil, the total amount of which is shown in table 
2. The compositions of the feed mixtures are shown in table 1. 


TABLE 1 
Percentage composition of feed mixtures 


INGREDIENTS 
MIXTURE Ground Wheat Soybean Sodium Calcium Calcium Paper 
NO. barley bran meal | chloride | carbonate | citrate pulp 
| 
1 61.5 26.3 8.8 1.9 1.5 
2 52.0 22.2 7.4 1.6 3.0 13.8 
“3 61.5 26.3 | 8.8 1.9 1.5 


* Identical in composition with feed mixture 1 but more finely ground. 


The animals used were grade Holstein heifers, 18 months of age, which 
had received since birth a ration devoid of roughage. They were normal in 
size for the breed and showed no abnormalities other than frequent bloating 
and lack of regular ruminations, both of which have been found to be com- 
mon with ruminants receiving this type of ration. According to analysis, 
the gas causing bloat consisted largely of carbon dioxide with no methane. 

During the digestion trials the daily amounts of feed for each animal 
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were reduced, since animals usually consume less when standing in stan- 
chions than when exercising in the corral. 

The heifers were placed in the digestion stalls 6 days before the collec- 
tion of feces. The collection period lasted for 10 days. Heavy gymnasium 
mats replaced the common forms of bedding. The animals were fed and 
watered thrice daily. Each day, the total feces collected during the previ- 
ous 24 hours were spread out in drying trays and placed in a drying oven 
maintained at a temperature of 90° to 95° C.. A period of 48 hours was 
required to dry each day’s collection. When dry, the feces from each ani- 
mal were placed in separate tightly covered cans. At the end of the ecollee- 
tion period the dried feces were weighed, and a sample was taken for 
moisture. The remainder was ground in a hammer mill, thoroughly mixed, 
and sampled for chemical analyses. 


PRESENTATION OF DATA 


The amounts of feed consumed and feces collected are shown in table 2. 
Chemical analyses of feed mixtures and feces are presented in tables 3 and 
4; coefficients obtained, in table 5. 


TABLE 2 
Total food consumed and feces collected (grams) 


TRIAL 1 TRIAL 2 | TRIAL 3 

| Mixture | Mare || Mixture "Feces “Mixture it 

1 oil weight) oil w eight i oil weight) 
34 40,800 558 8,220 + | 36,300 | 558 7,180 
35 58,860 | 1116 | 10,870 | | 43,800 | 1116 9,560 
37 45,400 558 8,740 | 40,800 | 558 9,010 
39 54,400 558 | 11,050 | | | 45,400 | 558 10,710 
41 || 56,410 630 | 15,200 |, ........... 
43 |) 40,800 558 8,160 | 
46 | 36,300 558 | 10,410 


During the three digestion trials all but two of the animals cleaned up 
their feed well. Number 35 left 137 grams of the last feeding of trial 1; 
and during trial 3, when receiving the finely ground feed, she had an irreg- 
ular appetite and refused a total of 1,600 grams. Number 41 left 2,590 
grams of feed during trial 2. The daily ration of mixture 3 (table 2) was 
less than had been allowed the same animals in trial 1, in anticipation of a 
decreased consumption. While receiving this finely ground feed before the 


1 While this paper was in preparation, D. P. Cuthbertson and A. K. Turnbull, 
(Biochem, J. 28: 837, 1934) found a loss of 4 to 5 per cent of nitrogen in drying human 
feces on the steam bath. In our laboratory, R. W. Caldwell has confirmed these findings: 
The nitrogen loss was 3 to 43 per cent in drying freshly voided bovine feces at 100° C., 
for 48 hours in an electric oven. 
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TABLE 3 
Chemical analyses of feed mixtures, per cent 

ANIMAL NO. 34-35 37-30 | 41 | 48 | 46 | 47 | 34-38 “37-39 
Moisture 10.3 10.7 9.0 9.0 95 | 84 | 118 | 111 
Protein 14.7 14.0 12.0 12.2 12.3 | 12.2 13.9 13.9 
Nitrogen-free extract | 60.0 61.0 549 56.1 55.4 | 56.1 60.3 60.4 
Ether extract 1.3 1.4 0.7 0.7 0.8 | O08 1.3 1.3 
Crude fiber 6.9 6.5 17.6 | 163 | 16.1 | 16.7 6.5 7.2 
Ash 6.8 6.4 5.8 5.7 5.9 | 58 | 62 6.1 


* Because of the physical nature of 
analyzed for each animal. 


mixture 2, 


TABLE 4 
Chemical analyses of feces collected, per cent dry basis 


separate samples of ths feed were 


TRIAL 1 TRIAL 2 TRIAL 
ANIMAL NO. 34 | 35 | 37 | 30 | 41 | 48 | 46 | 47 | 34 | 35 | 37 z 39 
Protein 13.2 | 12.7 | 14.8 | 12.4 | 10.2 | 13.3 | 11.5 | 11.2 | 12.7 | 11.7 | 12.4 | 12.3 
| 
Nitrogen-free 
extract | 47.0 | 45.2 45.9 46.4 | 38.5 | 44.1 42.9 44.0 | 47.8 48.5 48.6 | 47.4 
Ether extract 25| 33) 2.7) 2.6 2.4 | 23; 30) 25] 830) 22; 29] 26 
| 
Crude fiber | 20.6 | 20.8 21.0 | 22.4 | 38.9 27.9 | 31.4 29.8 | 22.0 | 23.5 23.0 | 23.3 
Ash | 16.7 | 18.0 | 15.6 | 16.2 | 10.0 | 12.4 11.2 12.5 | 145 | 14.1 | 13.1 | 144 
TABLE 5 
Coefficients of digestibility 
DRY MATTER PROTEIN ota EXTRACT FIBER 
TRIAL NO. 
Animal No. | 
34 | 78 78 | 82 82 | 84 84 | 81 79 40 33 
35 | 80 76 | 84 82 86 82 | 81 88 44 | 21 
37 79 76 | 80 80 86 82 | 80 76 38 | 30 
39 | 78 74 | 82 79 | 85 82 | 78 76 30 | 24 
41 7 77 81 64 | 40 
43 78 78 84 78 | 66 | 
46 69 73 78 63 | 44 | 
\ 47 78 81 84 7 | 63 
Average .. 79 | 74 | 76 | 82 | 77| 81) 85 82 88 80 | 71 80 38 | 53 27 
| 
Caleulated *82 | 86 88 81 


* See text page 6. 
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digestion trial, the heifers apparently found it less palatable than the same 
mixture coarsely ground. Their feces were drier than with the coarsely 
ground mixture 1. A dose of one-half pound of Epsom salts had to be ad- 
ministered to heifer 35 on the fourth day of the collection period ; thereafter 
her appetite improved somewhat, so that she cleaned her feed up fairly well 
at each feeding. 

During trial 1 all the animals ruminated occasionally. In trial 2, No. 
41 and No. 43 ruminated, but not regularly. No. 46 and No. 47, receiving 
less feed, were not observed to ruminate at any time. During trial 3, with 
the finely ground feed, no rumination was noticed. 

The paper pulp was originally added to the basal concentrate mixture 
to serve as an artificial roughage, somewhat less complex than natural 
roughage. Rumination occurred only occasionally, however, no more in one 
group than another, even though concentrate mixture 1 contained 6.8 per 
cent crude fiber, whereas the same mixture plus paper pulp, mixture 2, con- 
tained 16.7 per cent. 


TABLE 6 
Water consumption and number of defecations and urinations during each ten-day 
collection period 


WATER 
ANIMAL NO. DEFECATIONS URINATIONS CONSUMED 
(POUNDS) 
Digestion Trial 1 
34 63 104 356 
35 44 58 483 
37 68 73 330 
39 63 70 332 
Average 60 76 374 
Digestion Trial 2 
41 | 76 36 350 
43 76 55 251 
46 49 27 201 
47 | 50 46 208 
Average...... 63 41 253 
Digestion Trial 3 
34 59 92 330 
35 49 61 200 
37 66 65 351 
39 78 69 308 


Average 63 72 297 


The amounts of water consumed, with the number of defecations and 
urinations, are reported in table 6. During a ten-day metabolism trial in 
connection with another experiment, nine cows receiving a normal ration of 
concentrates and hay averaged 11 defecations and 5 urinations daily. In 
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these eases there was a variation of 9 to 15 defecations and 3 to 7 urinations. 
The number of defecations was almost double that recorded for the heifers 
used in the digestion trials here reported; the number of urinations, about 
the same. 


DISCUSSION 


As roughage has been considered essential in the diet of ruminants, the 
accepted procedure for determining the coefficient of digestibility for a 
given concentrate has been first to determine the digestibility of a roughage, 
which is later fed in combination with the concentrate, second to determine 
the digestibility of the combination ration, and third to caleulate the dif- 
ference between the two. Whether or not the results so obtained would be 
similar to those for the concentrate if fed alone has been considerably 
debated, though the usefulness of the information is not questioned. 

The literature describes several investigations that have increased our 
knowledge regarding the effect of one feed or nutrient upon another. 
Since Titus (1), in discussing ‘‘the mutual influence of the proportion of 
the several nutrients, in feeds, on their digestibility,’’ has reviewed this 
literature very completely, only investigations particularly pertinent to this 
discussion will be mentioned here. 

We have failed to find any data concerning the digestibility of concen- 
trates when fed without roughage for an extended period. In the investi- 
gations conducted by others, the concentrates were fed alone only for a 
relatively short time, doubtless because roughage has been considered essen- 
tial. As experiments at this station (2) (3) have shown, however, dairy 
an?mals can be reared to four years of age on a concentrate diet provided 
it is supplemented with calcium carbonate and vitamin A. 

According to certain evidence, the digestibility of a diet may vary with 
the length of time it is fed. This might be especially true should the diet 
be unusual—for example, composed entirely of concentrates. In this con- 
nection the work of Lyman (4) is interesting. He has shown that the con- 
tinued use of white flour, in the diet of rats, caused a slight decrease in 
protein utilization. The continued use of whole wheat meal in a similar 
food combination, however, decidedly improved the utilization of this 
nutrient. 

The coefficients of digestibility determined for mixture 1 (concentrates 
only) have been compared in table 5 with calculated values for this mixture 
when fed with roughage, arrived at by using the coefficients of each in- 
gredient in the mixture as given by Henry and Morrison (5). The coeffi- 
ejents of digestibility for the dry matter and the ether extract of cod liver 
oil were both assumed to be 90 per cent, that of the dry matter of soybean- 
oil meal 92 per cent, and that of salt 100 per cent. The digestibility of 
calcium carbonate was disregarded. Except in the case of crude fiber, 
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which was 32 per cent lower, the coefficients actually determined were not 
significantly below those calculated. 

Admittedly, the coefficients of digestibility used in caleulating values 
are based upon a relatively few trials; and nutrients existing in compara- 
tively small amounts, such as the crude fiber in our mixture 1, may give 
erroneous results. The heifers used in trial 1, however, did not ruminate 
regularly, a fact that may explain the apparent low digestibility of the 
erude fiber. As Ewing and Wright (6) have shown ‘‘ More than half of 
the comminution that takes place in average rations containing coarse feeds 
takes place as a result of mastication.’’ In an earlier publication, Ewing, 
Wells, and Smith (7) showed that a steer would macerate his food more 
completely when fed silage alone than when fed silage and cottonseed meal, 
the extent of maceration decreasing as the proportion of meal increases; 
and that the loss in digestibility of the crude fiber, which resulted from 
a combination of silage and cottonseed meal, was caused by a less complete 
maceration. 

Mixtures 1 and 3 were identical except that the latter was more finely 
ground. The digestibility of mixture 3 was determined in order that the 
results obtained for mixtures 1 and 2 would be on a more comparable basis, 
since mixture 2 was necessarily more finely ground than mixture 1. In 
this trial (table 5), mixtures 1 and 3 showed no significant difference in 
digestibility except in crude fiber. Not only was the average coefficient of 
digestibility for this ingredient in mixture 3 lower, but none of the animals 
showed so high a value for this nutrient in trial 3 as in trial 1. The results, 
therefore, appear significant. This decrease might be explained by the 
work of Ewing and Smith, (8) who, having studied the rate of passagé of 
food residues through the steer, concluded that finer-ground feeds pass 
through the animal more rapidly and that the digestibility of crude fiber 
seems to decrease with a more rapid passage of feed residues. 

According to trial 3, any differences in digestibility between mixtures 
1 and 2, except for-crude fiber, cannot be explained on the basis of fine 
grinding. 

When the coefficients of digestibility for mixture 1, consisting entirely 
of concentrates, are compared with mixture 2, containing 14 per cent paper 
pulp (table 5), the digestibility of all nutrients except fiber is seen to 
decrease slightly. These decreases, however, are probably not significant. 

The digestibility of the crude fiber in mixture 2 was considerably higher 
than that in mixture 1 and approximately the same as the calculated value 
for mixture 1 when fed with roughage, doubtless because paper pulp itself 
has a high coefficient of digestibility. In two trials with oxen, Kellner (9) 
found the digestibility of crude fiber in paper pulp obtained by chemical 
treatment of rye straw to be 94.7 and 97.0 per cent. To explain his results 
he calls attention first to the fineness of the fibers in the paper pulp and 
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second to the fact that the chemical treatment had removed the incrusting 
substances which normally interfere with its digestion. 

The digestibility of the crude fiber in the sulphite pulp used in our 
trials, caleulated indirectly from our data, was lower than Kellner reported, 
but higher than the digestibility of the crude fiber in hays. 

As the paper pulp in mixture 2 represented two-thirds of the fiber 
content of this mixture, the increased digestibility of the fiber in mixture 
2 can be explained by the high digestibility of the paper pulp fiber 


SUMMARY 


Digestion trials were conducted with Holstein heifers that had been fed 
for 18 months on a ration devoid of roughage, and with a second group 
receiving the same diet plus paper pulp. The effect of fine grinding on 
digestibility was also investigated. 

Except for crude fiber, which was 32 per cent lower, the digestibility 
of a ration consisting entirely of concentrates was not significantly below 
the calculated value for the same mixture fed with roughage. 

The addition of paper pulp to the concentrate diet, so that the fiber 
content of the ration was equivalent to that of one containing equal parts 
of concentrates and alfalfa hay, increased the apparent digestibility of the 
erude fiber. The digestibility of the other nutrients did not appear to be 
significantly altered. 

It is not to be concluded that the addition of paper pulp enhanced the 
digestibility of the fiber contained in the concentrates. The higher value 
found for fiber in the paper-pulp ration may be explained by the fact that 
the fiber of paper pulp, as shown by other investigators, is more highly 
digestible than that of either roughage or concentrates. 

Fine grinding appeared only to lower significantly the digestibility of 
the crude fiber of the concentration ration. 
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THE USE OF SODIUM THIOSULPHATE DILUTION BLANKS 
IN DETERMINING THE GERMICIDAL EFFICIENCY 
OF CHLORINE STERILIZERS* 


C. C. PROUTY ann ROY T. OLSON 


Division of Dairy Husbandry and Department of Bacteriology, 
State College of Washington, Pullman, Washington 


Although chlorine compounds are widely used as sterilizing agents for 
dairy and milk plant equipment, their use is not sanctioned by all regu- 
latory agencies nor are all investigators in agreement as to their effective- 
ness in destroying microorganisms. 

Mudge and Smith (2) present a critical discussion of the effectiveness 
of chlorine compounds as dairy sterilizers and raise the question as to 
whether bacteria are killed or merely inhibited in growth by the action 
of these compounds. Furthermore, they question the value of plate counts 
as made by the usual laboratory methods for determining the germicidal 
efficiency of chlorine sterilizers. They point out that the results obtained 
by plate counts are a measure of the inhibiting action rather than a measure 
of the lethal effect of the chlorine compound. They express the opinion 
that, when a solution containing a chlorine compound is added to the pep- 
tone agar, the chlorine remains as a potent organic chloramine capable of 
inhibiting subsequent bacterial multiplication. To prevent the bacterio- 
static action of residual chlorine they suggest the neutralization of this 
chlorine by the addition of sodium thiosulphate to the plate at the time 
of plating. They obtained, in general, a greater colony count with plates 
to which sodium thiosulphate had been added then with plates not receiv- 
ing this treatment. 

In addition to demonstrating the neutralizing effect of sodium thio- 
sulphate, Mudge and Smith present evidence to show the effect of dilution 
of the residual chlorine carried over into tlie plate on the reduction of the 
bacteriostatic action. They report a colony count many times higher in 
the 1-10 than in the 1-1 dilution. They found this phenomenon to be the 
rule whether they used hypochlorite or monochloramine in high or low con- 
centrations and with or without additions of sodium thiosulphate. 

Devereux and Mallman (1) present data to show the value of sodium 
thiosulphate in determining the effectiveness of chlorine sterilizers against 
organisms in dairy equipment. Additions of sodium thiosulphate at the 

time of sampling neutralizes the chlorine thus making it possible to ascer- 
. Received for publication October 23, 1934. 


* Published as Scientific Paper No. 248, College of Agriculture and Experimental 
Station, State College of Washington. 
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tain the true bacteriological status of the solution at the time of sampling 
even though immediate plating is not possible. 

In studying the germicidal efficiency of a disinfectant it is necessary that 
the period of exposure of the disinfectant to the test organism be under defi- 
nite control. Methods that do not permit of such a control because of the 
bacteriostatic action of the residual disinfectant are likely to give mislead- 
ing results. In making plate counts of chlorine solutions the most desirable 
place to neutralize the residual chlorine is in the dilution blank. Accord- 
ingly the present investigation was planned to determine to what extent the 
presence of sodium thiosulphate in the dilution blank is of value in prevent- 
ing the bacteriostatic action of the chlorine as shown by the subsequent col- 
ony count. Studies also were made of the effect of dilution in reducing the 
bacteriostatic action of the residual chlorine as shown by the numbers of 
colonies developing in plate cultures made from inoculated chlorine solu- 
tions. 


METHODS 


Dilution blanks of convenient volumes containing sodium thiosulphate 
were prepared as follows: To 50 ee. of M/5 Na,HPO, was added 9.0 ee. 
of N HCl and the solution made up to 200 ee. with distilled water. To this 
buffered solution was added a 1.0 per cent solution of sodium thiosulphate 
at the rate of 10.0 ce. per 90.0 ec. after which the dilution blanks were pre- 
pared and sterilized. Preliminary experiments had shown this concentra- 
tion of sodium thiosulphate in a 9.0 ec. dilution blank to be more than 
enough to neutralize the chlorine carried in a 1.0 ee. charge of the most con- 
eentrated chlorine solution used in this study and yet not interfere with sub- 
sequent colony growth. The resulting dilution blanks had a pH value of 
approximately 6.4. At this pH the reaction of the dilution blank is not 
deleterious to the test organisms and is favorable to the rapid reactivity of 
sodium thiosulphate and chlorine. 

Plate cultures using plain agar were made immediately, 2.5, 5.0, 7.5, 10 
and 15 minutes after inoculating the chlorine solution with the test organ- 
ism. These cultures were plated simultaneously by two operators when 
dilution blanks with and without sodium thiosulphate were being compared. 
Plate cultures were incubated at 37° C. usually for a period of forty-eight 
hours. 

Test organisms consisted of twenty-four hour old cultures of Escherichia 
coli, Aerobacter aerogenes, Staphylococcus albus, Staphylococcus aureus and 
Streptococcus lactis. Milk in which fermentation had taken place also was 
used. 

The chlorine sterilizer used was a commercial preparation in which the 
active ingredient was caleium hypochlorite. 
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PRESENTATION OF DATA 


In table 1 are shown the results of sixteen comparative plate counts of 
inoculated chlorine solutions in which simultaneous platings were made 
using dilution blanks with and without sodium thiosulphate. Colony devel- 
opment, after brief periods of exposure of the organisms to the action of 
chlorine, up to 7.5 minutes and depending on the chlorine concentration, 
showed in most cases an increased count with the use of sodium thiosulphate 
in the dilution blank. However, when the organisms were exposed to the 
action of chlorine for periods of ten minutes or more, sodium thiosulphate 
had little or no effect on the subsequent colony development. The differ- 
ences in numbers after brief periods of exposure to chlorine, while not great, 
show that bacterial cells which otherwise would be destroyed or inhibited in 
growth by the residual chlorine are able to continue normal development 
when freed of this chlorine. This is a factor that should be considered in 
evaluating the true germicidal efficiency of a chlorine sterilizer. 

In the course of this study many plate counts were made in an effort to 
determine the influence of dilution on the bacteriostatic action of residual 
chlorine as shown by the numbers of colonies developing on plates of dif- 
ferent dilutions. In no case was it found that more colonies developed on 
the plates of the higher dilutions than on plates of the lower dilutions. In 
this respect these results are not in agreement with those of Mudge and 
Smith (2). 

SUMMARY AND CONCLUSIONS 


Simultaneous platings of inoculated chlorine solutions immediately after 
inoculating and after 2.5, 5.0, 7.5, 10 and 15 minutes, using ordinary dilu- 
tion blanks and dilution blanks containing sodium thiosulphate were made 
and compared. In most cases an increased colony count resulted when 
sodium thiosulphate dilution blanks were used. Colony development fol- 
lowing brief periods of exposure of the organisms to the action of chlorine 
showed, in most cases, an increased count when sodium thiosulphate dilution 
blanks were used. After longer periods of exposure, ten or more minutes, 
the presence of sodium thiosulphate had little or no effect on subsequent 
colony development. 

The results of these experiments show that plate counts, in which ordi- 
nary dilution blanks have been used are likely to be misleading in evaluat- 
ing the germicidal efficiency of chlorine sterilizers. 

In an effort to study the effect of dilution in the bacteriostatic effect of 
the residual chlorine, plate counts of inoculated chlorine solutions, using 
ordinary dilution blanks, were made and the numbers of colonies develop- 
ing on the plates of the 1-1, 1-10 and 1-100 dilutions compared. In no 
instance were more colonies found to develop on the plates of the higher 
dilutions than on plates of the lower dilutions. 
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A METHOD FOR THE DETERMINATION OF THE RELATIVE 
STIFFNESS OF CREAM DURING THE WHIPPING 
PROCESS* 


W. 8. MUELLER 
Department of Dairy Industry, Massachusetts State College, Amherst 


The purpose of this paper is to describe a simple method for measuring 
the stiffness of cream during the whipping process and to show the impor- 
tance of such measurements. 

Since most consumers judge the quality of whipped cream by its con- 
sistency or stiffness, this property should be measured in studies of cream 
whipping. In the majority of such studies reported, manually operated 
whippers have been used and no provision has been made for measuring the 
consistency of the cream during whipping nor of the finished product. 
Babeock' describes a method for determining the relative stiffness of 
whipped cream. His method is not, however, applicable to uninterrupted 
measurements throughout the whipping process. So far as the writer 
knows, Templeton and Sommer?’ were first to report studies in which a 
mechanical whipper of constant speed was used and in which some provi- 
sion was made for determining the stiffness of the cream during the whip- 
ping process. These investigators measured the consistency of the whipped 
cream by observing the torque (load) on the drive shaft of the turbine 
whipper. 

DESCRIPTION OF APPARATUS 


The apparatus described herein consists of the mechanical whipper 
(restaurant size) and sensitive wattmeter, shown in figure 1. With this 
apparatus it is possible to obtain a continuous record of the stiffness of the 
cream throughout the whipping process by simply recording the input of 
the motor in watts at intervals of ten seconds, or less if desired. This 
method for measuring the stiffness of the cream in watts cannot, however, 
be used with all mechanical whippers, as the writer found in preliminary 
experiments with several small household whippers. The writer learned 
also that another investigator had also attempted in vain to use the watt- 
meter for measuring the relative stiffness of the cream as it was being 
whipped. These failures, no doubt, were due to certain characteristics of 
the mechanical whippers used. Furthermore, in order that small changes 
in load will be reflected in large changes in input, a motor should be used 
the maximum output of which is not much greater than the maximum 

Received for publication November 27, 1934. 

* Contribution No. 208 of the Massachusetts Agricultural Experiment Station. 

1 Babeock, C. J. 1922. U.S. Dept. of Agric., Bul. 1075. 

2 Templeton, H. L., and Sommer, H. H. 1933. Jour. of Dairy Sei., xvi, no. 4, 330. 
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Fig. 1. Mechanical cream whipper and wattmeter. (Gem kitchen mechanic whipper 
manufactured by Gem Appliances, Inc., 280 Madison Ave., N. Y., and a Westinghouse 
type PY5 portable single phase wattmeter). 


required to whip the cream. If the normal output of the motor is relatively 
large, and the changes in load very small, these small changes in load will 
be insufficiently indicated by the variations in input as measured by the 
ordinary wattmeter. 

The whipper-motor (figure 1), of which the input is charted, is a split- 
phase motor rated 4 HP and 1725 RPM. This motor produces in the 
whipper proper two distinct kinds of rotation. First, it spins the whipper 
on its vertical axis counter clockwise at a speed of 570 RPM. Second, it 
moves the spinning whipper (and its axis) clockwise about the inner periph- 
ery of the bowl so that the whipper completes 78 circuits about the bowl 
each minute. The speed of the whipper was checked under all loads which 
are normally encountered when whipping cream up to 40 per cent butterfat, 
and was found to be practically constant. Although the whipping bowl 
has a 5-quart capacity (liquid measure), only one quart of cream is usually 
placed in the bowl for whipping. The smallest scale division on the watt- 
meter is 5 watts, but 2.5 watts can be readily estimated. 

That this wattmeter method is satisfactory to determine the relative 
stiffness of whipping cream at various times during whipping is proved in 
figure 2, in which appear typical curves obtained by plotting input against 
time when whipping cream of varying percentages of butterfat. 
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Fic. 2. Effect of fat content of the cream on the stiffness of the whipped cream. 


APPLICATION OF METHOD 


The wattmeter method for measuring the stiffness of whipping cream 
while the cream is being whipped should be useful in studies of cream 
whipping made either by the scientist or by the commercial dairyman. 
Measurements obtained by this method are certainly more accurate than 
visual observations and will serve several purposes. One use, for example, 
is partly illustrated in table 1, in which is indicated the effect of whipping 
a 33 per cent cream for varying periods of time on stiffness, overrun, 
amount of drainge, and percentage of butterfat in the drainage. It should 
be noted that at certain stages of the whipping procedure a variation of 
fifteen seconds in whipping time will materially affect the stiffness, the over- 
run, and the drainage of the whipped cream. A number of trials showed 
that the maximum overrun of the whipped cream occurs shortly before the 
maximum stiffness. It was found that the amount of drain decreased to a 
certain point with progressive whipping, reaching a minimum after the 
cream had been considerably over-whipped; but that upon still further 
whipping, it began to increase. The percentage of butterfat in the drain 
decreased with increased whipping until the cream was over-whipped, and 
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TABLE 1 
Effect of whipping for varying periods of time on some of the properties of 
whipped cream 


| | DRAIN | mean REMARKS ON BODY 
WHIPPING TIME STIFFNESS OVERRUN | ‘pease oF 
| 
minutes seconds watts per cent ec | per cent 
Start 125 
1 | Too soft 
1 45 155 75.6 (1) se 
2 0 165 79.1 
2 15 =| 1825 85.6 57 Sl. too soft 
2 30 225.0 94.8 37 2.19 Good 
2 45 | 265.0 94.8 “ 
3 0 262.5 85.1 20 1.23 Sl. soggy 
3 15 250.0 74.7 19 1.38 Soggy 
3 30 | 250.0 68.5 16 | 152 - 
4 0 | 240.0 | 57.3 18 1.25 Very soggy 
5 0 230.0 35.5 27 1.17 Buttery 


Cream used in this experiment contained 33 per cent of butterfat and was aged for 
48 hours at 38° F. 
(1) Too soft to remain on 12 mesh-wire screening. 


then remained fairly constant despite further whipping. It may be con- 
cluded, therefore, from the data in table 1 that it is very difficult to make 
accurate comparisons in cream whipping studies unless the consistency of 
the cream is accurately measured during the whipping process. 

Accurate measurements of the consistency of cream during whipping 
are of practical value to the dairyman who sells whipping cream, because 
by the use of them he can set a standard for his cream and then check his 
eream each day in accordance therewith. If, then, the dairyman equips 
himself with a mechanical whipper and a wattmeter, he is able to produce 
a more uniform whipping cream or the finished product from day to day 
than he possibly could by unscientific means. 


a 
| 
. 
ar 
| 


NUTRITIONAL ANEMIA, CALCIUM PHOSPHORUS AND NITRO- 
GEN BALANCE AND BONE COMPOSITION OF RATS 
FED RAW VERSUS PASTEURIZED MILK* 


H. A. LASBY anp L. 8. PALMER 


Division of Agricultural Biochemistry, University of Minnesota, St. Paul. 


PART I. NUTRITIONAL ANEMIA 


Two groups of workers have concerned themselves with the relative 
values of sole diets of raw or pasteurized milk in producing nutritional 
anemia in the rat. Scott and Erf (1) report results showing that a special 
milk, when fed raw, allowed a better gain in weight and greater increase 
in red cell count and hemoglobin than when the same milk was fed after 
holding pasteurization. Some commercially pasteurized milk gave inferior 
results to those obtained with the special pasteurized milk. It is not stated 
whether the rats were fed individually or in groups and what their food 
consumptions were. Neither are any copper and iron analyses of the milk 
reported. Krauss, Erb, and Washburn (2) report results contrary to those 
of Seott and Erf. They fed milk from the same bulk to two groups of 
rats, one group receiving raw milk and the other the same milk after pas- 
teurization. The animals in both groups developed nutritional anemia as 
characterized by a marked decrease in hemoglobin and erythrocyte count 
and the decreases were at the same rate in both groups. No data are given 
for the food intake or growth. 


EXPERIMENTAL 


Methods. The procedure of Elvehjem and Kemmerer (3) was followed 
in rendering the rats anemic. The young were weaned at three weeks, 
and then placed on the experimental diet of milk alone for an eight weeks 
period. The rats were housed in individual galvanized wire cages with 4 
inch mesh screen bottoms. The two series of experiments conducted were 
similar except in the milk fed. They were carried out by the paired feed- 
ing method using males only. Both members of any one pair were litter 
mates and as similar as possible as to weight at the beginning of the experi- 
mental period. Those on the sole milk diet received no water. The control 
group consisted of litter mates fed on the stock diet and water ad lib. 

The rats in both series were weighed weekly and food consumption ree- 

Received for publication November 6, 1934. 

. The data presented are taken in large part from the thesis of H. A. Lasby presented 
to the Graduate School of the University of Minnesota in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. All pertinent individual data are 
available for reference in the Division of Agricultural Biochemistry. 

Paper No. 1320 Journal Series, Minnesota Agricultural Experiment Station. 
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ords were kept. Hemoglobin determinations were made at the time of 
weaning and weekly thereafter. The method used was that of Newcomer 
(4). Blood was obtained by eutting with a razor the tip of the tail, pre- 
viously dipped in hot water to promote the flow of blood. Calcium chloride 
was first used to stop the flow of blood but later collodion was substituted, 
as it proved to be more satisfactory. 

Series I. Seven pairs and three controls were used. The milk fed was 
obtained fresh daily, except Sunday, from the University of Minnesota 
Agricultural Experiment Station Dairy herd. The experiment was con- 
ducted during May, June and July when the cows were on pasture. No 
special containers were used for the collection of the milk. It was brought 
up from the barns in a tin pail from which it was transferred to glass con- 
tainers for storage and pasteurization. A portion of each day’s milk was 
fed raw to one group and a portion was pasteurized in glass and fed as such 
to the other. For pasteurization, the milk was placed in stoppered 1 1. 
Erlenmeyer flasks, which were then immersed to the neck in a water bath. 
A temperature of 62°-63° C. was maintained in the flask for 30 minutes. 
Subsequently the flasks and milk were cooled as rapidly as possible in run- 
ning cold water and stored, as was the raw milk, in a cold room at 40° C. 
No attempt was made to standardize the fat content of the milk fed. Feed- 
ings were made morning and afternoon. Definite quantities of milk were 
measured by pipette into glazed porcelain ramekins placed on the screen 
bottom of the cage. Any milk unconsumed at the next feeding was mea- 
sured. 

Series II. Eleven pairs and three controls were started. The milk 
used was commercial’ raw and pasteurized milk obtained during February 
and March, thus representing late winter feeding. Both were obtained 
from the same bulk. It contained 3.5 per cent butter fat. The pasteuriza- 
tion had been carried out in Yundt-Gridley stainless steel tanks by the hold- 
ing process at 143.5° F. (62° C.) for 30 minutes. Quart aliquots were 
taken each day and delivered for consumption the following day, except 
Saturday, when two quarts of Friday’s raw and pasteurized milk were 
delivered for Saturday’s and Sunday’s use. 

Chemical analyses. Analyses for iron and copper were made on the 
raw and pasteurized milk. In series I random samples were taken every 
week and analyzed. In Series II, 100 ec. aliquots were taken daily ang the 
analyses made on weekly composites. The method used for iron was that 
of Elvehjem and Hart (5), Kennedy (6), and Elvehjem (7). In Series I 
the copper was determined by the method of Elvehjem and Lindow (8) 

1 This milk was furnished through the courtesy of the Franklin Cooperative Cream- 
ery Association of Minneapolis. We acknowledge our indebtedness to them for it, and 


especially to Ass’t. Supt. Walter Ahlstrom, for insuring the taking of samples and their 
delivery. 
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as modified by Gebhardt and Sommers (9) and in Series II by the method 
of Cherbuliez and Ansbacher (10) and Ansbacher, Remington and Culp 
(11). The latter was believed to be more accurate and certainly less 
tedious. 

Results. Series I. The results obtained are presented graphically in 
figure 1. The mean hemoglobin value for the raw milk group decreased 


Food Consumption 


Fic. 1. Hemoglobin content of blood, body weight and milk consumption of indi- 
vidual rats fed raw and laboratory pasteurized summer milk from Station Dairy herd on 
pasture, together with mean values and the means of the blood hemoglobin and body 
weight of controls fed stock diet. The continuous lines represent raw milk feeding and 
the dotted lines pasteurized milk. The death of an animal before the end of the eight 
weeks period is starred. 


cc/wA 


Control Mean 


from 7.80 to 2.31 gms. per 100 ce. while that of the pasteurized group 
decreased from 8.08 to 1.88 in eight weeks. The mean weight of the rats 
fed raw milk increased from 33.14 to 83.5 gms. in contrast to an increase 
from 33.71 to 78.5 gms. for those fed pasteurized milk. The data were 
treated statistically to test for the significance of the differences between 
the means of hemoglobin and the weight values obtained from the two 
groups of rats. 

Using Fischer’s application of ‘Students’’ distribution of ¢ and the 5 
per cent level of significance the data in table 1 show that the differences 
for each successive weekly interval were not significant except for the fifth 
week hemoglobin values. This cannot be considered important inasmuch 
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TABLE 1 
Statistical significance of weekly differences in mean hemoglobin content of blood and 
body weight of rats fed raw and pasteurized milk in paired feeding tests 


CALCULATIONS FROM HEMOGLOBIN __ CALCULATIONS FROM BODY WEIGHT ia 

Week | t t | P 
0 1.9277 | 0.0780 0.8738 0.4018 
1 1.4279 1786 0.8356 4228 
2 1.0463 3194 0.3999 6962 
3 0.8717 4020 1.5515 1582 
4 0.3036 7704 0.5104 6212 
5 3.4662 0062 0.4004 6976 
6 0.5587 5914 0.1887 8542 
1.3859 1086 2.0751 0914 


1.9765 0966 1.7363 


as no statistically significant difference occurred in either the preceding or 
succeeding week. 

The copper and iron analyses of the raw and pasteurized milk gave 
results indicating that the same quantity of metals was present in each. 
Six iron analyses on raw milk made during the eight weeks period varied 
from 1.23 to 1.48 mgms. per liter with a mean of 1.35 and on the same milk 
after pasteurization from 1.20 to 1.48 mgms. per liter with a mean of 1.35. 
Six copper analyses made on the same milk varied from 0.11 to 0.17 mgms. 
per liter with a mean of 0.14 while those on the pasteurized milk varied 
from 0.12 to 0.16 mgms. per liter with a mean of 0.14 mgm. 

Series II. Since the conditions used in laboratory pasteurization are 
not those under which market milk is treated, a series was run in order to 
determine whether commercial pasteurization had any effect on the severity 
of the anemia produced by feeding it as the sole diet to rats. 

The results obtained are plotted in Figure 2. Pair number eight was 
omitted from all calculations because that member of the pair being fed 
pasteurized milk escaped from the cage one night and there was a subse- 
quent rise in hemoglobin. 

It may be seen that there was a much wider spread between the hemo- 
globin and growth curves of the two rats of a pair than in those of Series I. 
In all cases that member of a pair receiving pasteurized milk grew better 
and had more hemoglobin. If the rat on raw milk had a higher hemoglobin 
or weighed more at the beginning of the experiment, there was a subse- 
quently poorer growth or a greater decrease in hemoglobins than on pas- 
turized milk, resulting in lower values at the end of the experiment. In all 
eases the milk consumption was controlled by that member of the pair 
receiving raw milk. 

Table 2 shows the statistical significance of the weekly differences of the 
mean values. It is seen that the differences in the mean hemoglobin values 
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J wh perwos 
Fic. 2. Hemoglobin content of blood, body weight and milk consumption of indi- 
vidual rats fed commercially raw and pasteurized milk from winter feeding, together 
with mean values and the means of blood hemoglobin and body weight of controls fed 


stock diet. The continuous lines represent raw milk feeding, and the dotted lines pasteur- 
ized milk. The death of an animal before the end of the eight weeks period is starred. 


were statistically significant at the end of the second week and thereafter to 
the end of the experiment. The fact that the differences of the first two 
weeks were highly insignificant does not mitigate against the significance 
found subsequently. A lapse of time before the appearance of the differ- 
ence would be expected since the difference in the concentrations of copper 
and iron as shown by chemical analyses were small. When the mean weekly 


TABLE 2 
Statistical significance of weekly differences in mean hemoglobin content of blood and 
body weight of rats fed commercial raw and pasteurized milk 
in paired feeding tests 


CALCULATIONS FROM HEMOGLOBIN CALCULATIONS FROM BODY WEIGHT 
Week t t P 
0 0.2822 0.7828 0.3419 0.8134 
1 0.7104 4866 0.9687 3456 
2 2.0342 .0576 0.6187 5434 
3 2.4231 .0284 2.0437 .0572 
4 2.8503 .0130 1.0779 .2966 
> 6.3123 .0000 1.2947 2264 
6 3.1061 0112 | 0.5347 .6080 
a 4.7452 -0090 3.7983 .0194 
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weights of the groups are considered, it may be seen that those fed pasteur- 
ized milk had consistently greater mean weights than those fed the raw 
milk. However, Table 2 shows that the difference was significant only in 
the third and seventh weeks. The significance in the third week was border 
line and since that in the seventh was based on only four individuals it is 
doubtful that it should be considered as truly significant. The greater 
differences observed in this series are no doubt due to the iron and copper 
intakes of the rats fed the pasteurized milk. However, it seems that 
although this greater intake was sufficient to produce significant differences 
in the hemoglobin values, slightly more would be necessary to produce 
equally significant differences in growth. 

Chemical analyses of the commercial pasteurized milk showed that it 
differed in copper and iron content from the raw milk. Eight analyses 
for iron made during the eight weeks period showed for raw milk a range 
from 0.85 to 1.49 mgms. per liter with a mean of 1.13 while for pasteurized 
milk the range was from 1.06 to 1.64 mgms. per liter with a mean of 1.34. 
When the same milk was analyzed for copper, the raw milk showed a range 
from 0.15 to 0.24 mgms. per liter with a mean of 0.19 and the pasteurized 
milk ranged from a content of 0.23 to 0.32 mgms. per liter with a mean of 
0.27. It seems evident that the milk picked up copper and iron in the milk 
plant although the stainless steel pasteurizing tanks could not have been 
responsible. It is this additional quantity of the metals in the pasteurized 
milk which is reflected in the higher hemoglobin and greater growth of the 
rats fed the commercially pasteurized milk. 

As the experimental period progressed all rats in both series developed 
an appearance characteristic of nutritional anemia. In case of piebald rats 
the black fur became gray except in small area on the head. After the rats 
had been on the milk diet for some time it was noted that the incisor teeth 
were growing out without the characteristic brown pigment on the outer 
surfaces. In some the dark coloration was still visible on the distal ends 
of the teeth. This lack of tooth pigment seems to be a characteristic result 
of milk diets. Gross autopsies performed revealed that all organs and 
muscle tissue were bloodless in appearance. The caecum was almost in- 
variably enlarged and often the heart. In Series I no difference could be 
noted in the appearance and behavior of those fed raw milk and those fed 
pasteurized milk. In Series II, however, there was a marked difference in 
the dispositions of the two groups. Those fed pasteurized milk were more 
active and eager for food, while the others tended to be inactive and huddled 
in the corners of the cages. In all cases the animals fed raw milk controlled 
the food consumption of the pair. The mortality in this series was much 
greater than in Series I. Of the eleven pairs started, only one survived the 
eight weeks experimental period. In the ten pairs in which early death 
occurred, nine of the ten rats dying were fed raw milk. Why the mortality 
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in this series was higher than in Series I is uncertain. However, it may 
have been due both to a smaller fat content if the commercial milk which 
was standardized to 3.5 per cent butter fat content, resulting in a lower 
caloric intake than in Series I, and to the fact that this milk which was 
secured for study in the latter part of the winter had a lower vitamin con- 
tent, particularly vitamin A, as the result of the type of winter feeding 
practiced on the farms where the milk was produced. 


PART II. CALCIUM, PHOSPHORUS, AND NITROGEN METABOLISM 


That the heat treatment of milk alters certain of the milk salts is now 
definitely established. Whether this change alters their nutritive value is 
still unanswered. Considerable experimental nutritional work has been 
done on the comparison of the retention of the calcium, phosphorus, and 
nitrogen of raw and pasteurized milk. Most of the results are inconclusive 
and few can pass uncriticized. For an accurate comparison the raw and 
pasteurized milk fed must come from the same bulk and a sufficient number 
of animals must be used to insure the required degree of accuracy in the 
subsequent evaluation of the results. The effect of other articles of diet 
on the retention of these minerals is not known. There also appears to be 
species differences so that results obtained from one species are not neces- 
sarily applicable to another. 

Daniels,- Stuessy, and Francis (12) compared the growth of rats fed 
milk which had undergone various heat treatments. Ellis and Mitchell 
(13) earried out carefully controlled calcium balance studies with rats fed 
raw or pasteurized milk plus a basal ration containing a small amount of 
calcium. They found that the animals fed raw milk gained more in weight 
and showed a higher calcium content of the carcase than those fed pasteur- 
ized milk. In both cases the results were statistically significant. How- 
ever, when the average calcium retention was as high as 98 per cent for rats 
on raw milk and 92 per cent for rats on pasteurized milk the calcium intake 
was probably too low to be of any practical importance. 

Krauss, Erb, and Washburn (2) measured the ability of rats to use 
calcium and phosphorus from raw pasteurized milk by analyzing the femurs 
of rats after a period of feeding on the milk as a sole diet. No differences 
in the percentage of ash, calcium and phosphorus were found. 


EXPERIMENTAL 


Methods. Male rats 10 weeks of age, and weighing from 225 to 292 gms. 
were selected from an inbred strain selected for high efficiency of food 
utilization during growth. At this age the rats selected were still storing 
calcium, their normal growth curve was still a straight line, and their 
efficiency was known. The paired feeding method was used. Male litter 
mutes were paired as nearly as possible for weight. The study included 
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six pairs from two litters. One member of each pair was fed raw milk and 
the other pasteurized milk from the same bulk. The milk fed was from the 
University of Minnesota Agricultural Experiment Station herd. The ex- 
periment was conducted in late September and early October. The method 
of pasteurizing was the same as that used in Series I of the anemia studies. 
Seven day collection periods were used. The rat was always placed on the 
particular diet to be used three days before collections were begun. Three 
successive collection periods were used for each pair. The order of feeding 
for one member of a pair was raw, pasteurized, and raw, and for the other 
pasteurized, raw, and pasteurized. This alternation was used in order to 
minimize the possible influence of the order of feeding the two milks. The 
milk was fed twice a day, morning and late afternoon. To the morning 
feeding there was added 1 ee. of a slightly acidulated solution of ferric 
chloride and copper sulfate made up so that 1 ec. contained 0.4 mgms. of Fe 
and 0.32 mgms. of Cu in order to prevent nutritional anemia. The milk 
thus supplemented was completely consumed by both members of a pair 
before more was fed. The milk was measured out by a pipette and any 
unconsumed after 24 hours was measured. 

The cages used were especially designed for metabolism studies. The 
rats were weighed weekly and food consumption records kept. The urine 
and feces were collected after each period and analyzed for caleium, phos- 
phorus, and nitrogen. 

Similar analyses were made on aliquots of weekly composite samples of 
the raw and pasteurized milk fed. The milk was preserved with formalde- 
hyde until the analyses were made. Fifteen pairs of balance determinations 
were made using six pairs of rats. By subtracting the total amount of a 
mineral excreted in the urine and feces from the intake as supplied by the 
milk, the balance was obtained. For the sake of comparison, the balance 
values were then calculated on the basis of the percentage of the intake 
retained. In order to compare the percentages of the intake of the respec- 
tive minerals which were retained on the diets of raw and pasteurized milk, 
the mean values were calculated. 

Chemical analyses. The calcium and phosphorus determinations were 
made on the samples by the method of Morris, Nelson, and Palmer (14). 
The nitrogen was determined by semi-micro Kjeldahl method of Cavett 
(15). 

Results. The results obtained are presented in Table 3. The signifi- 
eance of the difference was then determined as in Part I. 

The mean percentages of intake retained together with the correspond- 
ing probabilities are given in Table 4. 

There was no significant difference between the retentions on the diets 
of raw and pasteurized milk. The slight differences which were found 
favored the pasteurized milk. 
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BONE ANALYSES 


For the purpose of determining whether the calcium and 


phosphorus of raw and pasteurized milk were equally available for bone 
formation, analyses were made on bones of the rats used in Series II of 
the anemia studies. The femurs and tibias were removed immediately after 
death, stripped of adhering flesh, and stored until the analyses were made. 


TABLE 4 
Mean percentage retention of calcium, phosphorus and nitrogen from raw and pasteurized 


milk and P value of differences 


Ta RETENTION ON RETENTION ON 
ELEMENT RAW MILK PASTEURIZED MILK P 
per cent per cent 
Caleium 68.9 68.3 0.6009 
Phosphorus 58.5 60.5 0.1120 
Nitrogen 76.0 77.5 0.1616 


At that time the femur and tibia of one leg from each animal were selected, 
crushed in filter paper, and extracted with alcohol for 48 hours and with 
ether for 24 hours. The percentage of ash in the bones was determined and 
the ash analyzed for calcium and phosphorus according to the method of 
Morris, Nelson, and Palmer (14). Weekly aliquots of the milk were also 
analyzed for calcium and phosphorus by the same method. The mean eal- 
cium values of the weekly aliquots of raw and pasteurized milk were 11.96 
mgm. and 12.01 mgm. per liter respectively. The corresponding phos- 
phorus values were 8.92 mgm. and 8.96 mgm. per litter of raw and pasteur- 
ized milk. 

Results. Results of the bone analyses of the eleven pairs of rats are 
presented in Table 5. 

These data were treated statistically by the method previously referred 
to. A probability of 0.054 was obtained that the percentage of ash in the 
bones of rats fed raw milk was significantly different from that of the rats 
fed pasteurized milk. This is a border line value. The percentage of ash 
was then correlated with the age of the rat, since the age might influence the 
percentage of ash and the rats used were of different ages depending on the 
time during the experimental period at which death occurred. A correla- 
tion coefficient equal to + 0.7638 was obtained but this was not significant 
for the number of samples correlated. Since the femur and tibia of the 
other hind leg of the rats were also available, the length of these was ob- 
tained by means of calipers. The means of these data also are shown in 
Table 5. The total length of the two bones was then correlated with the 
percentage of ash. This was done because the rats fed pasteurized milk 
grew better but their bones showed a lower ash content than did the bones 
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TABLE 5 
Calcium and phosphorus content and length dry-extracted femur plus tibia of rats dying 
from anemia after consuming commercial raw and pasteurized milk 


BONE COMPOSITION TOTAL LENGTH 
MILK FEMUR PLUS 
Total Ash Ca P TIBIA 
per cent per cent | per cent mm. 
Raw .. 58.93 22.13 | 9.38 5.326 
Pasteurized : 56.99 21.67 9.16 5.389 
| 


of the rats fed raw milk. Hence, if a longer bone showed a lower ash con- 
tent, it should contain more organic and less mineral matter. The correla- 
tion coefficient between the length of the leg bones and the ash content in the 
raw group was + 0.6238 and in the pasteurized group + 0.2493, neither of 
which are significant. It seems, therefore that the difference in the mean 
percentage of ash in the bones of the two groups is probably not significant. 


SUMMARY AND CONCLUSIONS 


Experiments designed to compare the severity of nutritional anemia 
developed in comparative groups of rats when one group was fed raw milk 
and the other the same milk after pasteurization have been carried out. 
The results of the experiment show: 

1. When the pasteurization of milk is carried out in glass in the labora- 
tory, the severity of the anemia and the growth of the rats are not signifi- 
eantly different on diets of raw or pasteurized milk. 

2. The iron and copper contents of milk are not affected by pasteuriza- 
tion in glass in the laboratory. 

3. When the pasteurization of milk is carried out commercially, the 
anemia developed may be less severe than on raw milk and the growth 
better. 

4. The iron and copper contents of milk commercially pasteurized may 
be greater than that of the milk before the heat treatment due to contact 
with the metallic equipment in use in commercial milk plants. 

Experiments designed to compare the calcium, phosphorus, and nitrogen 
balance metabolism of paired rats, one of which received a sole diet of raw 
milk and the other a sole diet of the same milk after holding pasteurization 
in glass in the laboratory, have been carried out. The results of these 
experiments lead to the following conclusions: 

1. The calcium retentions are the same on the two diets. 

2. The phosphorus retentions are slightly but not significantly greater 
on pasteurized milk. 

3. The nitrogen retentions are slightly but not significantly greater on 
pasteurized milk. 
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Analyses of the percentage of ash, calcium and phosphorus have been 
made on dry-extracted femur-tibia bones of rats fed a sole diet of raw or 
commercially pasteurized milk. 

The following results were found: 

1. The bones of the rats fed raw milk had a higher percentage of ash 
than those of the rats fed pasteurized milk. The difference was probably 
not significant. 

2. The mean calcium and phosphorus contents of the bones of the rats 
fed raw milk were slightly but not significantly higher than those of the rats 
fed pasteurized milk. The ash, calcium, and phosphorus differences while 
not significant may have been due, in part, to the better growth of the rats 
fed the pasteurized milk. 

3. The mean calcium and phosphorus contents of the milk before and 
after pasteurization were the same. 
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ANNUAL MEETING 
AMERICAN DAIRY SCIENCE ASSOCIATION 


University Farm, St. 
June 24 to 27, 1935 


GENERAL INFORMATION 


There has been a slight change in the general plan of the meeting from 
that announced in the February issue of this Journal. It is now planned 
to have the opening session Monday evening, June 24th, at which there will 
be the usual addresses of welcome and opportunity to transact such matters 
of business as the officers desire to present to the Association. A second 
and concluding business session will be held Wednesday afternoon, June 
26th. The opening session will be followed by a general get-together in 
the Dormitory Parlors where it is expected that most of the members will 
have secured rooms. 

Plans are taking shape for the opening scientific session, Tuesday morn- 
ing, June 25th. This is to be a symposium entitled ‘‘Improving the Germ 
Plasm of Domestic Plants and Animals’’ which will be held jointly under 
the auspices of Section O, A. A. A. 8., the American Dairy Science Asso- 
ciation, the Corn Belt Section of the American Society of Agronomy, the 
American Society of Horticultural Science Great Plains Section, the Ameri- 
can Society of Plant Physiologists, and possibly also the American Phyto- 
pathological Society. Our own Association will be represented on this 
symposium by Dr. Jay L. Lush, of Iowa State College. The program com- 
mittee hopes that this unusual opportunity to meet with our colleagues and 
friends in other fields of agricultural science will prove to be the special 
feature of the 1935 meeting which will long remain a pleasant memory as 
well as be an inspiration to all of us. 


SECOND CALL FOR PAPERS AND ABSTRACTS 


Members are again invited to send titles of papers for the Sectional 
Scientific sessions. Each title should be accompanied by an abstract of 
300 words or less. All communications relative to papers should be sent 
directly to the chairman of the Program Committee. All titles and abstracts 
must be received by May Ist in order that the program may be arranged and 
printed in the June issue of this Journal and the abstracts be made avail- 
able in printed form for the meeting. Authors are asked to indicate the 
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section before which they wish to appear. Authors who submit titles and 
abstracts and later learn that they will not be able to attend the meeting 
are urged to advise the chairman if possible by May 10th in order that the 
paper may be placed at the end of the program for presentation by vote 
of the membership present. 
L. S. Paumer, Chairman 
Program Committee 
University Farm, St. Paul 
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GLASS-LINED 
PASTEURIZERS 


FACT 


*IV. Rate of Heat Transfer—In the rapid- 
ity with which a pasteurizer heats and cools 
and the evenness with which temperature 
is held lies an important cost to the dairy- 
man and a determining factor in quality. 


Repeated competitive tests have shown that 
Pfaudler Pasteurizers heat faster, hold most 
evenly, cool rapidly. Such performance is 
due to correct insulation plus heating with 
steam through glass lined steel. 


This is most important. It simplifies the 
heating problem, and eliminates costly tem- 
perature controls. This reduces the in- 
itial cost of the equipment. It increases 
speed of heating and simplifies 
operating practice. The glass 
lining serves as an automatic 
check, preventing scorching. 
Of course this advantage is pos- 
sible only with glass lined steel. 


THE PFAUDLER CO. 
1515 Gas & Electric Bldg., Rochester, N. Y. 


PFAUDLER 


4 

tg 

> 

( 


SUPPLEMENT TO 


JOURNAL OF DAIRY SCIENCE 


Vol. X\ 


March, 1935 No. 3 


Corrections for article by 


H. A. Lassy and L. S. PALMER 


Entered as second-class mail matter April 13, 1934, at the post office at Lancaster, Pa. 
Under the act of March 3, 1879 


} 


| 


‘ 

| 


NUTRITIONAL ANEMIA, CALCIUM PHOSPHORUS AND NITRO- 
GEN BALANCE AND BONE COMPOSITION OF RATS 
FED RAW VERSUS PASTEURIZED MILK 


H. A. Laspy and L.. S. PALMER 


Due to a number of unfortunate errors in the calculation of the chemical 
data and statistical significance of the results the following corrections are re- 
quired in the paper bearing the above title in this Journal Vol. 78, No. 3, 
March 1935, pages 181 to 192. 

On page 183 last paragraph ending on page 184 read the following in place 
of the entire paragraph: Using ‘Student's’ formula for t as applied to small 
samples, calculating the probability (IP?) as (l-a) from ‘Student's’ tables! for 
14 (1 +a) and selecting a 5 per cent level for significance the data in Table | 
show that the differences for each successive weekly interval are not significant. 

On page 185, line 1 read “third week” in place of “second week.” 

On page 186, lines 3, 4, 5 and 6 read the following: However,-Table 2 
shows that the difference was significant only in the third week, and, being 
only slightly significant as well as being followed by differences which were 
not significant, cannot be given much consideration. 

On page 188 omit the last sentence beginning, “The slight differences- 

On page 190, lines 16 and 17 read the following in place of the entire 
sentence: Results. Results of bone analyses of ten of the eleven pairs of rats 
are presented in Table 5, the data from pair No. 15 being omitted from the 
calculations because the animals remained in the experiment only 17 days. 

On page 190, line 19, read 0.0076 for 0.054; line 21, read “significant” for 
“border line”; line 25, read 4-0.6259 for -+-0.7638; lines 24, 25 and 26 read 
in place of the sentence beginning, “A correlation—" the following: A correla- 
tion coefficient of +0.6259 was obtained for the bone ash of the rats fed the 
raw milk and a correiation coefficient of +0.4043 for the bone ash of the rats 
fed pasteurized milk, the value for the raw milk fed animals having a border 
line significance for the number of samples. 

On page 191, line 4, read +0.5088 for -+-0.6238 and read +-0.3690 for 
-+-0.2493 ; line 6, read “statistically” for “probably not.” Add the following : 
The biological significance of the result is rendered improbable by the fact that 
similar calculations for the calcium and phosphorus content of the same bones 
showed probability values for significance of 0.3492 and 0.3839, respectively. 
Line 28, read: 1. The calcium retentions were slightly greater on the raw milk 
but the difference is not statistically significant; line 29, read: 2. The phos- 
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phorus retentions were the same on the two diets; line 32 read “raw” for 
“pasteurized.” 


On page 192, lines 6 and 7, read in place of the sentence beginning. “The 
difference—,” the following: The difference is statistically but not biologically 
significant and is not explained on the basis of the better growth of the rats 
receiving the pasteurized milk: lines 10, 11 and 12, omit the sentence begin- 
ning “The ash—.” 

In addition to the above corrections substitute the following tables, 1, 2, 
3, 4 and 5, for the corresponding tables on pages 184, 185, 189, 190 and 191, 
respectively. 


TABLE 1 
CALCULATIONS FROM HEMOGLOBIN | CALCULATIONS FKOM BODY WEIGHT - 

0 0.5019 0.5850 0.2552 0.8042 
1 ().1996 8452 (0.2443 8114 
2 0.2012 8358 | 0.1218 9052 
3 (2923 7752 (0.4542 6582 
4 0.1075 | 9106 0.1649 8724 
5 1.1926 2608 0.1848 8572 
6 0.2547 8056 0.0498 | .9614 
7 0.9271 3902 | 0.8960 4048 
8 1.3656 2214 (0.7519 4812 

TABLE 2 
CALCULATIONS FROM HEMOGLOBIN | ‘CALCULATIONS FROM BODY WEIGHT - 

Week t | P | t P 

0 0.1124 0.9118 0.3153 0.7504 
1 0.4161 | 8624 | 0.8945 | 3830 
2 1.8814 0920 | 0.6890 4998 
3 2.2815 | 0306 | 2.2127 0402 
4 2.8422 0120 1.0197 3234 
5 5.5720 0002 1.1952 
6 6.5007 0000 2.0302 0700 
7 3.6187 0154 2.0256 0894 
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ELEMENT | RETENTION ON RETENTION ON P 
itis RAW MILK | PASTEURIZED MILK | 
} per cent | per cent 
Calcium 31.15 | 28.89 0.4608 
Phosphorus 40.54 40.27 9138 
Nitrogen | 24.49 23.55 7506 
TABLE 5 
BONE COM POSITION : TOTAL LENGTH 
per cent per cent | per cent mm, 
Raw 59.29 21.97 9.36 5.353 
Pasteurized | 50.56 21.53 9.12 5.536 


TABLE 4 
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The Detection of Coli in Milk 
Bacto-Brilliaat Green Bie 2% 


Fxcto-Brilliant Green Bile 2% is an excellent medinm for the on of 
coli milk and ether dairy products. The medium: is readily prepare vse 
and requires neither adjustment of its reaction mor filtration of tion 
Resu!ts obtained by the direct inoculation of mile in fermentation this 
medium are reliable and comparable. 


Racto-Geatian Violet Lactose Bile 


Bacto-Gentian Violet Lactose Bile is prepared aceording to the formula of | 
Kessler and Swénarten. The production of gas fol the con- 
taminated milk sampies into tubes: of this medium is readily observe an 
indication. of the presence of ecli. Accorditig te Kessler and a 
positive test-requires no further confirmation 


THE TRADE NAME OF THE. PIONEERS | 
fu the Research and Development of Dehydrated Calturs 
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More EFFICIENT 


You can profit from the very defmite advantages of Wyandotte Steri-Chlor. Check 
over these advantages and you'll want to try this more efficient germicide and decdorant. — 


Makes a clear solution 
Does not deteriorate while dry in the 
_ 3/ Has a low alkalinity 
4} Holds its efficiency remarkably while ix 
. 5/ Doesn't lose chlorine streagth in hot solution. 
6/ Is a remarkable de-odcrizer cas’ 
7/ Has no undesirable effects on equipment, containers or canta 


You will find it profitable te use Wyandotte Steri- - 
Chlor for germicidal action and deodorizing.. Your 
Wyandotte Service Man will give you fall details or 


Ask your Supply Man 
WYANDOTTE STERLCHLOR 
Wyandotte, Michigan 


THE RIGHT MICROSCOPE 
With which te 


EXAMINE 


Filter Pads 
testing for exttancous matter im butter and erent this 
Spencer No. 56 Wide-Fieid Binoeular Miproscope is idea! 
Be - the examination. ef the filter pad throwgh whieh the 
mple has bees drawn. It has an. imetamtly variahle mag- 
of 43x, and 850. Ret can be easily 
‘Bex identified. 
The speriiic advantages of this Spencer No. 56 Micro- 
are: 


The le NOT inverted noe reversed. 
(2) The taage stereoscepic and third dimenstonal 
Freedom from eyestrain. 
(4) Wide Pield. 
Write ue for gomplete information dxsoription. Ad- 
dreas Dept, 17-5. 
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